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Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Human research participants
Policy information about studies involving human research participants and Sex and Gender in Research. 

Reporting on sex and gender

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

The processed datasets used in this study are available in Zenodo under accession code 7410180: https://doi.org/10.5281/zenodo.7410180. The pretrained meta-
components for tumor microenvironment in the Github repository: https://github.com/yi-zhang/MetaTiME. The single-cell RNA-seq data used in this study are
available in the TISCH database (http://tisch1.comp-genomics.org). The list of public datasets used in this study is available in Supplementary Data 1 and also from
GEO under accession code GSE154763 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE154763) and Single Cell Portal under accession code SCP1288
(https://singlecell.broadinstitute.org/single_cell/study/SCP1288/tumor-and-immune-reprogramming-during-immunotherapy-in-advanced-renal-cell-carcinoma).
The gene list analytical data used in this study are available in AnimalTFDB v3.0 (http://bioinfo.life.hust.edu.cn/AnimalTFDB/#!/), TCGA (https://
portal.gdc.cancer.gov), and Azimuth (https://azimuth.hubmapconsortium.org). The ChIP-seq data used in this study are available from GEO (https://
www.ncbi.nlm.nih.gov/geo/) under accession IDs GSM604651, GSM1637309, GSM1607526, GSM2661793, GSM2735378, GSM2871705, GSM1637306,
GSM1637307, and from ENCODE (https://www.encodeproject.org/) under accession ID ENCSR919OXR.
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N/A

N/A

N/A

The number of datasets are determined using the largest possible tumor scRNA dataset from TISCH.

Quality control on single-cell data was done to filter low-quality cells.

Replication of results are made by simulating knockout datasets.

N/A since no experimental groups are designed.

Random knockout of dataset was performed to obtain results.




